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Washington, DC 20231 
Sir: 

The following preliminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE CLAIMS 

Please amend the claims as follows: 

1. (Amended) A method for simulation of a technical system, in which a function 
depends on parameters and on setting constants, comprising: 

determining a result in the form of an influence of the parameters on the 
technical system, as a function of a set of parameters and on the basis of a request to an 
external source; 



temporarily storing the result; and 
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simulating the technical system on the basis of the result and of the setting 

constants. 

2. (Amended) The method as claimed in claim 1, further comprising: 
designing the technical system on the basis of the simulation. 

3. (Amended) The method as claimed in claim 2, wherein the design process 
includes at least one of an adaptation of, a change to, and a redesign of the technical system. 

4. (Amended) The method as claimed claim 1, further comprising: 
redetermining the influence of the parameters on the technical system by 

accessing the temporarily stored result. 

5. (Amended) The method as claimed in claim 1, wherein the influence of each 
of a plurality of sets of parameters on the technical system is determined by checking the 
external source, and wherein the result of this check is temporarily stored. 

6. (Amended) The method as claimed in claim 5, wherein an additional influence 
is determined on the basis of the temporarily stored results. 

7. (Amended) The method as claimed in claim 6, wherein the additional 
influence is determined by at least one of interpolation and extrapolation. 

8. (Amended) The method as claimed in claim 6, wherein the additional 
influence is determined from the results using an neural network. 

9. (Amended) The method as claimed in claim 1, wherein the external source is 
at least one of a simulator and an experiment. 

10. (Amended) The method as claimed in claim 1, wherein the simulation is 
carried out using a plurality of results, without the external source. 
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11. (Amended) The method as claimed in claim 1, further comprising: 
determining, from the simulation of the technical system, the sensitivity of sets 

of parameters to changes in the setting constants. 

12. (Amended) An arrangement for simulation of a technical system, comprising: 

a processor unit wherein, a function depends on parameters and setting 
constant, wherein the processor unit is adapted to determine a result in the form of an 
influence of the parameters on the technical system as a function of a set of parameters and on 
the basis of a request to an external source; and 

a memory, adapted to temporarily store the result, wherein 
the processor is adapted to simulate the technical system on the basis of the 
result and of the setting constants. 

13. (Amended) A computer program product, adapted to cause a processor unit to 
simulate a technical system, wherein a function depends on parameters and setting constants, 
comprising: 

a first program segment, adapted to cause the processor unit to determine a 
result, in the form of an influence of the parameters on the technical system, as a function of a 
set of parameters and on the basis of a request to an external source; 

a second program segment, adapted to cause the processor unit to cause the 
result to be temporarily stored; and 

a third program segment, adapted to cause the processor unit to simulate the 
technical system on the basis of the result and of the setting constants. 
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Please add the following new claims: 

14. The method as claimed claim 2, further comprising: 

redetermining the influence of the parameters on the technical system by 
accessing the temporarily stored result. 

15. The method as claimed claim 3, further comprising: 

redetermining the influence of the parameters on the technical system by 
accessing the temporarily stored result. 

16. The method as claimed in claim 2, wherein the influence of each of a plurality 
of sets of parameters on the technical system is determined by checking the external source, 
and wherein the result of this check is temporarily stored. 

17. The method as claimed in claim 16, wherein an additional influence is 
determined on the basis of the temporarily stored results. 

18. The method as claimed in claim 17, wherein the additional influence is 
determined by at least one of interpolation and extrapolation. 

19. The method as claimed in claim 17, wherein the additional influence is 
determined from the results using an neural network. 

20. The method as claimed in claim 2, wherein the external source is at least one 
of a simulator and an experiment. 

21. The method as claimed in claim 2, wherein the simulation is carried out using 
a plurality of results, without the external source. 

22. The method as claimed in claim 2, further comprising: 

determining, from the simulation of the technical system, the sensitivity of sets 
of parameters to changes in the setting constants. 
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23. The arrangement of claim 12, wherein the processor unit is further adapted to 
design the technical system on the basis of the simulation. 

24. The arrangement of claim 23, wherein the design process includes at least one 
of an adaptation of, a change to, and a redesign of the technical system. 

25. The arrangement of claim 12, wherein the processor unit is further adapted to 
redetermining the influence of the parameters on the technical system by accessing the 
temporarily stored result. 

26. The arrangement of claim 12, wherein the influence of each of a plurality of 
sets of parameters on the technical system is determined by checking the external source, and 
wherein the result of this check is temporarily stored. 

27. The arrangement of claim 26, wherein an additional influence is determined on 
the basis of the temporarily stored results. 

28. The arrangement of claim 27, wherein the additional influence is determined 
by at least one of interpolation and extrapolation. 

29. The arrangement of claim 27, wherein the additional influence is determined 
from the results using an neural network. 

30. The arrangement of claim 12, wherein the external source is at least one of a 
simulator and an experiment. 

31. The arrangement of claim 12, wherein the simulation is carried out using a 
plurality of results, without the external source. 

32. The arrangement of claim 12, wherein the processor unit is further adapted to 
determine, from the simulation of the technical system, the sensitivity of sets of parameters to 
changes in the setting constants. 
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33. The computer program product of claim 13, including a computer readable 
medium. 

34. The computer program product of claim 13, further comprising a fourth 
program segment, adapted to cause the processor unit to design the technical system on the 
basis of the simulation. 

35. The computer program product of claim 13, wherein the design process 
includes at least one of an adaptation of, a change to, and a redesign of the technical system. 

36. The computer program product of claim 13, further comprising a fourth 
program segment, adapted to cause the processor unit to redetermine the influence of the 
parameters on the technical system by accessing the temporarily stored result. 

37. The computer program product of claim 13, wherein the influence of each of a 
plurality of sets of parameters on the technical system is determined by checking the external 
source, and wherein the result of this check is temporarily stored. 

38. The computer program product of claim 37, wherein an additional influence is 
determined on the basis of the temporarily stored results. 

39. The computer program product of claim 38, wherein the additional influence is 
determined by at least one of interpolation and extrapolation. 

40. The computer program product of claim 38, wherein the additional influence is 
determined from the results using an neural network. 

41. The computer program product of claim 13, wherein the external source is at 
least one of a simulator and an experiment. 

42. The computer program product of claim 13, wherein the simulation is carried 
out using a plurality of results, without the external source. 
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43. The computer program product of claim 13, further comprising a fourth 
program segment, adapted to cause the processor unit to determine the influence of the 
parameters on the technical system by accessing the temporarily stored result determining, 
from the simulation of the technical system, the sensitivity of sets of parameters to changes in 
the setting constants. — 

REMARKS 

Claims 1-43 are now present in this application, with new claims 14-43 being added 
by the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-13 of the present application are non-narrowing amendments, made solely to place 
the claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to broaden the claims; 
remove reference numerals in the claims; remove the European phrase "characterized in that"; 
remove multiple dependencies in the claims; and to place claims in a more recognizable U.S. 
form, including the use of the transitional phrase "comprising" as well as the phrase 
"wherein". Other such non-narrowing amendments include placing apparatus-type claims 
(setting elements forth in separate paragraphs) and method-type claims (beginning elements, 
set forth in separate paragraphs with "-ing" verbs) and computer product-type claims 
(program segments set forth in separate paragraphs) in a more recognizable U.S. form. 
Again, all amendments are non-narrowing and have been made solely to place the claims in 
proper form for U.S. practice and not to overcome any prior art or for any other statutory 
considerations. 
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SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
lieu of substitute paragraphs in connection with the present Preliminary Amendment. The 
substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 
specification includes paragraph numbers to facilitate amendment practice as requested by the 
U.S. Patent and Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-43 in connection with the present application is earnestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, 
extension of time fees. 



Respectfully submitted, 

HARNESS, DICKEY & PIERCE, P.L.C 




P.O. Box 8910 

DJD:kna Reston, Virginia 20195 

(703) 390-3030 
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ABSTRACT OF THE DISCLOSURE 
A method is specified for simulation of a technical system, in which a required 
function depends on parameters and predetermined setting constants. A result in the form of 
an influence of the parameters on the technical system is determined as a function of a 
predetermined set of parameters and on the basis of a request to an external source. The result 
is temporarily stored. The technical system is simulated on the basis of the result and of the 
setting constants. 
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Technical ^rstem 



The invention urelates to a method, an arrangement and a 
computer program product for simulation of a technical 
system. 

10 Various approaches are known [ optimization of a 

technical system, in particular for global 

optimization. If the system to be optimized is a 
complex structure which is difficult to describe 
analytically, or cannot be described at all, then a 

15 simulation is frequently carried out for a specific 
configuration of the technical system. In a simulation 
such as this, a configuration or a reaction of the 
technical system is calculated as a function of a large 
number of setting parameters. Since there are a large 

2 0 number of setting parameters and an immense number of 
computation operations involved in determining the 
configuration of the technical system for specific sets 
of setting parameters, this involves an enormous amount 
of computation effort. If all the possible setting 

25 parameters of interest are combined to form a so-called 
parameter vector x, then this results in a simulation 
response y of dimension m for each case of this 
parameter vector in a dimension n. 



30 For (global) optimization, as good a configuration as 
possible, or as good a setting as possible, of the 
technical system is determined for a required function 
f. However, in addition to the setting parameters which 
are provided for the technical system and which can be 

35 varied during an optimization calculation,, it is now 
also possible for so-called setting constants to occur 
which cannot be varied in a corresponding manner during 
the optimization calculation, and which are thus 
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not variables {- can be varied) for optimization 
purposes. Nevertheless, these setting constants are of 
major importance since they influence the required 
function. One example of such setting constants is cost 
5 constants which, in some circumstances, vary severely, 
to a greater or lesser extent, over the course of time. 
If the cost constants change beyond a certain amount, 
and assuming that the required function includes costs, 
this may result in a change in the result during the 
10 course of the optimization process. It is now a major 
disadvantage to have to carry out the simulation 
process once again, as described above, if the cost 
constants change, thus resulting in the enormous 
computation effort being incurred once again. 

(An " o*. ern^orf *v 

^ The object of ^ the invention is to allow a technical 
system to be simulated without having to carry out 
unnecessary time-consuming simulation steps more than 
once . 



30 
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This object i-s- achieved \ acxxx^iiig — fere — th e — featuie - s — e-f 

th=e~^ &IU kj i j e i i-dr&jQ± patent claims : Developments are 

dQ^ea^Hjera- in the dependent Cterms . 

5 In order to achieve th - e ^ ob j ect , J the invention specifies 
a method for simulation of a technical system, in which 
a required function depends on parameters and 
predetermined setting constants. A result in the form 
of an influence of the parameters on the technical 
10 system ars* \ determined as a function of a predetermined 
set of parameters and on the basis of a request to an 
external source. The result drs temporarily stored. The 
technical system -abs simulated on the basis of the 
result and the setting constants . 

In this case, it i-s- particularly advantageous that the 
process of determining the value of the required 
function iss split into determination of the influence 
of the parameters on the technical system and 

20 determination of the influence of the setting constants 
on the technical system. It thus ^ possible to 

optimize the time-consuming and computation-intensive 
check with the external source such that, in 
particular, once results have been determined, they can 

25 be reused for further simulation purposes. 

One development o ompriae s Jthe technical system being 
designed on the basis of the simulation. In particular, 
in this case, the technical system can be 



• redesigned, 

• adapted, 

• configured, or 

• controlled . 

Redesign preferably c,^mpri s^s recreation of the 
technical system, for example of a process technology 
system, of a circuit or of a software system. 
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Adaptation co mpriaec a change to an existing system, 
for example in order to improve its -operation. 
Conf iguration may c ompris e defining not only the sizes 
but also settings of components, for example of 
physical dimensions of parts of a technical system. 
Finally, control allows the variable system parameters 
to be set efficiently so that, in particular, it is 
possible to ensure that it operates as efficiently as 
possible . 
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One refinement -arS"Jt f or the influence of the parameters 
of the technical system to be redetermined by accessing 
the temporarily stored result. This temporary storage 
step saves a considerable amount of computation effort 
5 and time. 

Another development i-er to determine the influence of 
each of a large number of sets of parameters on the 
technical system by checking with the external source, 

10 and then temporarily store the result of this check. In 
this case, it is advantageous that a number of checks 
result in a number of results, whose temporary storage 
defines a (multidimensional) plane in a 

(multidimensional) space. This plane is defined with 

15 greater accuracy, the greater the number of checks that 
are carried out with the external source (for example 
the simulator) . If the plane has been defined 
sufficiently accurately, that is to say it has a 
sufficient number of support points, then further 

20 (multidimensional) points on the same plane can be 
determined by interpolation or extrapolation, even 
without any checks. Such an interpolation/extrapolation 
method is generally considerably less time-consuming 
and computation-intensive than the determination 

25 process by means of a simulator. 

In one development, a number of results ^r^\ also \ 

<2d — h^. " 
initially determined and a^^" temporarily stored. 

Additional points can then be determined without any 

3 0 further check with the external source by means of a 

neural network, with the stored results being provided 

as a training set to the neural network. A neural 

network such as this may, in particular, be in the form 

of a multilayer perceptron ( s^e [ 34^£ ^zl & r **<~f l< ) , 



35 



The check with the external source may, in particular, 
be carried out so that the external source itself 
represents a complex simulation program, on the basis 
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of which, and depending on the set of parameters, a 
result i-s' ^calculated for that configuration or more 
detailed description of the technical system. One 
alternative to this is to carry out the check with an 
external source by means of an experiment. 



In another refinement, the simulation of the large 
number of results -i-^ carried out without any further 
check with the external source. In particular, the 
temporarily stored multidimensional description of the 
results which have already been determined from checks 
that have been carried out can be used to carry out a 
further simulation without any need for the complex 
mechanism for determining the results in the form of 
the external source. 

In an additional refinement, the method for simulation 
of a technical system as described above i-s~ used in a 
sensitivity analysis. In this case, the sensitivity of 
the optima (the 



GR 99 P 2862 

- 4 - 

variable parameters) to changes to the predetermined 
setting constants is determined. 



Furthermore, in order to achieve -fetes object, an . 
5 arrangement for simulation of a technical system irs 
specified, in which a processor unit is provided which 
set up such that : 

1 . a required function depends on parameters and 
10 predetermined setting constants; 

2 . a result in the form of an influence of the 
parameters on the technical system can be determined 
as a function of a predetermined set of parameters 
and on the basis of a request to an external source; 
15 3. the result can be temporarily stored; and 

4. the technical system can be simulated on the basis 
of the result and of the setting constants. 



Furthermore, a computer program produch £rs specified in 



20 order to achieve t-h^ object, which is intended for 
simulation of a technical system and, when run on a 
processor unit, c ompriooc the following steps: 

1 . a required function depends on parameters and 
25 predetermined setting constants; 

2 . a result in the form of an influence of the 
parameters on the technical system is determined as 
a function of a predetermined set of parameters and 
on the basis of a request to an external source; 
30 3. the result is temporarily stored; and 

4. the technical system is simulated on the basis of 
the result and of the setting constants. 

The arrangement and the computer program product are 

3 5 particularly suitable .for carrying out the method 

according to) the invention, )one^of its developments 
explained above. 
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Exemplary embodiments of the invention will be 
described and explained in the following text with 
reference to the drawings, in which: 
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Figure 1 shows a method for simulation of a technical 
system; 

Figure 2 shows a method for simulation of a technical 

system with a temporary store; 
5 Figure 3 shows a method for simulation of a technical 

system with automatic grid sampling ; 
Figure 4 shows a method for simulation using a 

simulation database; and 
Figure 5 shows a processor unit. 

Figure 1 shows a method for simulation of a technical 
system, in particular of a power station. Required 
function evaluation 102 depends on the results from 
external sources, in this case an external simulator 
15 106 which is linked via a "power station link" 
interface 105. Furthermore, the required function 
evaluation 102 depends on setting constants, in this 
case cost constants 103 . This thus results in the 
following relationship : 

20 



/aA...(x) = F*, 09m9m O <^X) ? X € R n . 



a) 



Here, f denotes the required function, which depends on 
the cost constants a, (3, ... and is split into a 
component F, which includes the cost constants, into a 
25 component (J), which comprises the parameters x = (xi, x 2 , 
. . . , x n ) T , which can be influenced during the course of 
the optimization process. The character "O" in the 
above formula (1) denotes that two functions are 
carried out successively. 

30 

A (global) optimization of the required function /, 
which is provided by the required function evaluation 
102, is carried out in an optimization process 101. The 
result of the optimization process 101 is used, in 
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particular, for a new entry into the required function, 
so that another optimization process 101 can be carried 
out taking into account the cost constants 103 . In 
particular, this method is reiterated until a 
5 predetermined quality has been achieved, or the further 
improvement between the most recent iterations is not 
significant. Results from the required function 
evaluation 102 are preferably stored in a record file 
104 . 

0 

Figure 2 is an expansion of Figure 1, in which a 
simulation interface 201 with a simulation database 202 
is inserted. The simulation interface 201 



o a a e s?„ m-^ , . o o fcr 
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means that the result of each check with an external 
source, in this case via the power station link 105 and 
the simulator 106, is temporarily stored in the 
simulation database. If the same check with the 
5 simulator 106 were to occur at a later time, then there 
is no need for this to start another time-consuming 
calculation process, and it can be done just by 
directly accessing the results that are already stored 
in the simulation database 202. In this case, it should 

10 be noted that the cost constants 103 are calculated in 
the required function evaluation 102 using the result 
of the check. This breakdown of the required function 
in accordance with equation (1) ensures that, even if 
the cost constants were to change, the required 

15 function can be calculated (and optimized) quickly and 
efficiently, with no need to make use of the simulator 
1Q6 once again for the sets of the parameters x that 
have already been determined. 

2 0 Figure 3 shows an automated method for systematic use 

of the simulation database 202 . Using grid sampling 
301, it is possible to determine results y directly for 
specific (multidimensional) points x in parameter 
space, deliberately via the simulation interface 201, 
25 the power station link 105 and the simulator 106, and 
to store these results in the simulation database. The 
advantage is that the use of the systematically 
determined points results in a "grid" of greater or 
lesser density, depending on the application. This grid 

3 0 makes it possible to determine intermediate values by 

interpolation or extrapolation, without any need for a 
check with the simulator 106. The grid thus results in 
a basic structure which can be helpful for further 
optimization, even without the simula-tor 106. 

35 

Figure 4 shows the situation once grid sampling has 
been completed. Here, there is no longer any need for 
the simulator 106 (indicated by the interrupted 
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connecting line 402). A simulation and/or optimization 
process can thus be carried out, for example, without 
any link to the simulator 106 and without its time- 
consuming calculations. A block 401 denotes the 
5 evaluation of the results which have been gathered in 
the simulation database and/or have been interpolated 
or extrapolated. 

Configuration optimization of power stations 

10 

The process of optimizing the configuration of gas and 
steam power stations - ^QmpriDoc a search for 
configuration points which lead to minimum power 
generation costs . The power generation costs form the 
15 required function f whose minimum is being looked for. 
The power generation costs now 



**« -US .t, sUtf—^ — 71 wi H ^ -Si,-.,. a** 
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depend not only on the power station variables to be 
configured (- parameters, setting parameters) which are 
combined in the following text within the variable 
vector x. In fact, this functional relationship 
5 includes a range of setting constants (in this case, 
cost constants, cost parameters; for example gradients 
of cost curves) . Depending on the value of these cost 
constants, they may in some circumstances result in 
other design optima x opt for the technical system, in 
10 this case the gas and steam power station. 

Now, the values of these cost constants 

a) cannot be determined exactly in most cases, that is 
15 to say they are subject to an uncertainty (which in 

general can be estimated only roughly) , 

and 

20 b) in some cases (for example the fuel price) are not 
universally valid for all power station quotations 
at a given time, but vary regionally. 

In order to assess a design optimum, it is important to 

2 5 be able to estimate whether this design optimum, which 

has been determined on the assumption of a specific 
value k 0 (referred to as the primary value in the 
following text) of the cost parameter k, and which is 
thus denoted x k0/ is also still optimum for adjacent 

3 0 values k 0 ± Ak . The procedure for determining this 

sensitivity of the design optimum to variation in the 
cost parameters is described in detail in the following 
text . 



35 



In this case, two aspects are investigated: 
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How does the design optimum vary when one cost 
parameter is varied upward and downward by 5 0% about 
its primary value k 0 ? 

If the cost parameter k were to be varied 
continuously, then a curve x k of design optima, 
configured by k, would be produced as the response 
to this question. 

As sketched above, the power generation costs f 
depend on the design variables x and on the value of 
the cost parameter k: 

f = f(x,k) 

(Only one cost parameter k is described here, for 
simplicity) . The investigation described in 1) 
provides a functional relationship between the power 
generation costs and the cost parameter k, 



'-•j r-*> r-i. 'f-jt v.* « ?■ « h, <n rph 
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which is obtained by selecting the configuration 
X t , which is matched to k preS ent / for each present 

k present 

value of k: 



5 f opt ( kp resen t ) :— ^ p resent ' -^-present) • 

However, in many cases, it is not desirable to match 
the configuration x to the value of the cost 
parameter k, instead of this, the configuration x kQ 

10 which has been optimized for the primary value k 0 

should be retained even if the cost conditions 
change, that is to say for one entire value interval 



15 



[k 0 - Ak,k 0 + Ak] 

of the cost parameter k. This procedure results in a 
different functional relationship between the power 
generation costs and the value 



2 0 k present : ^xfcQ (^present) f ( X fe ^ , k present ) . 

Such definition of the configuration x k0 results, of 
course, in a certain amount of optimization potential 
remaining unused for a given value k present . This 
2 5 optimization potential corresponds to the additional 

costs associated with a standard configuration x kQ , and 

is thus quantified (as a function of k present ) by: 



30 



(kpresent) f opt ( k present I 



The more detailed investigation of said aspects is 
based on the following procedure: 

(i) To define a "standard configuration" x kQ , all the 

35 cost parameters are set to their primary value k 0 . 

x kQ is the minimum of the required function 
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GR 99 P 2862 

- 8a - 

(= power generation costs) f (x, k 0 ) [with k 0 
constant] . 

(ii) Those cost parameters which are identified as 
5 being relevant are each investigated 

individually. In the process, all the other cost 
parameters are each fixed at their primary value, 
while the parameter to be investigated, referred 
to as k, is decreased in small steps 5k within an 
10 interval 

[k 0 - Ak, k 0 + Ak] 



arranged symmetrically about its primary value k 0 

15 

kpresent = k 0 - Ak, k 0 - Ak + 5k, k 0 - Ak + 2-5k, . . . , k 0 , - . . , k 0 + Ak. 



a.«J JUil 5,^ 4. ,T ~T* -*H u ^ r,„> "US 
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The interval width is chosen to be (for virtually 
all the parameters k being investigated) 

Ak - 50% • k 0 , 

5 

and the grid step width is chosen to be 

Sk = 5% • k 0 - 

10 The following step (iii) is carried out for each 

of the grid values k preS ent • 

(iii) Determine the optimum configuration X t matched 

k present 

to kp r esent t>y minimizing the required function (- 
15 power generation costs) f (x, k preS ent ) [with k preS ent 

constant] . By substituting x kprese nt or x kQ into the 

required function f ( . / kpresent) , calculate the 

Values f opt ( ^present ) OT f X kQ ( k present ) . 

The sequence of the points x kpresent for all the 
20 grid steps with the k interval is a quantized 

version of the sought curve x k of design optima 
[see aspect 1 ) ] . 

Analogously, the sequence of the differences 
f opt (k preS ent ) - f * kQ ( k preS ent ) represents a quantized 

25 version of the function "additional costs of 

choosing the standard configuration x t „ " (as a 

function of k preS ent) [see aspect 2)] . 



A practical example shows that 500 optimization calculations 
3 0 must be carried out to determine Xkpresent in accordance with 
step (iii) for power station optimization with 25 cost 
parameters to be investigated, each of which has 20 grid 
steps . Bearing in mind that the computation time required 
per configuration optimization process is approximately one 
3 5 day, as a result of the numerous (several hundred) checks on 
the simulator 106 required for this purpose, it is less 
economic, for step (iii) to optimize each of 
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the design variables in the full real-value space. To 
overcome this, the search area is quantized, as is 
explained in the following text. 

Grid concept 

Determination of the independent degrees of freedom 

Results from optimization calculations such as high- 
line plots of the required function for selected 
section planes through this multidimensional variable 
space lead to the conclusion that the design optimum in 
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the variable space defined above are not isolated 
points but form a multidimensional subvariety. This is 
in turn an indication that the design variables are not 
in fact all independent of one another but are, in some 
cases, linked to one another by physical relationships. 
The number of degrees of freedom for the optimization 
may thus be reduced. 

As explained above, the movement of design optima is 
intended to be calculated in the course of the 
sensitivity analysis. Isolated optima rather than 
entire optimum varieties are required for this purpose. 
Further section planes in the above variable space are 
defined deliberately in order to determine the actually 
independent degrees of freedom for the gas and steam 
design. The analysis of the high-line plots of the 
power generation costs on these section planes 
frequently leads to the global optimum of the power 
generation costs being located - approximately - in a 
reduced search area (that is to say in a subarea of the 
variable space mentioned above) . 

Concept of a simulation database 

Every evaluation of the required function f (x, k preS ent ) is 
carried out in two stages: 

(1) An entire range of thermodynamic and geometric 
variables is calculated for each check with the 
simulator 106 as a function of the value x of the 
design variables, characterizing one configuration. 
These variables are then combined to form the 
vector s for the simulation data: s = s (x) . 

(2) The value of the required function (that is to say 
the power generation costs) is calculated from the 
simulation data s(x) as a function of the cost 
parameter constellation k preS ent • 
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The concept of a simulation database subdivides the 
required function calculation into two mutually 
independent programs . 

Program 1 Starts a check with the simulator 106 in 
each case for any predetermined variable 
points x x , and stores the simulation results 
s(xi) in the simulation database 202, which 
is preferably in the form of a file with a 
specific format. The cost parameters are 
irrelevant to this program. 
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Program 2 Calculates the value of the required 
function f(x, k pres ent) for a given cost 
parameter constellation k preS ent/ for all the 
simulation data s stored in the simulation 
5 database 202 - and hence for all the 

variable values x on which this simulation 
data is based. 

In combination with the grid concept, this results in 
10 the following procedure: 

• The program 1 is used to apply grid points to the 
simulation database in advance. 

15 • The required function values f (x, k present ) of all the 
grid points are calculated by means of the program 2 
for each cost parameter constellation k preS ent to be 
calculated. The grid point having the minimum 
required function value is noted as the optimum. 



2 0 



25 



30 



Significance of the cost parameters 

The airru of the design optimization process is ' to 
minimize^ the power generation costs: 

Investment costs x Annuity b 

Power generation costs = 



Pelec, gasandsteam,net X hyear T|gas and 



steam 



The term "investment costs" is formed from the costs of 
the three individual aspects which are mainly affected 
by the design decisions, 

• cold end, 

• steam turbine, 

• hot surfaces of the waste heat boiler and 
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• the costs of the remaining power station parts, which 
are referred to in summary form as "remainder of 
power station" : 

Investment COStS = COStS Co ld end + Costs Turbl ne 
5 + COStSnot surfaces of the waste heat boiler, gas and steam 

+ CO S t SR emain( 5 er 0 f power station 



X43 O S 0-£.. ^ | ±| 1 J r^r ;0 O it 



10 



GR 99 P 2862 

- 12 - 

Further reorganization of these individual investment 
cost terms result in those cost parameters becoming 
visible which influence these cost terms - in 
conjunction with the design variables: 

(A) Cold end 

COStScold end = COStScooling system: pipes/pumps + COStS con( 5 erisor 
+ COStScool ing tower 

COStScooling system: pipes /pumps — ^^cooling water ^ ric:e kg/s, Cooling water 
+ BaSIC pricecooling system: pipes/pumps 

COS t Scondensor = Ar eacondensor ^ Price^^ondensor 

15 + Basic price Con densor 

COStScooling tower = Basic areacooling tower X P3Tice m 2 # cooling tower 
+ Basic pricecoolmg tower 

20 The costs of the cold end are thus critically 

influenced by the values of the following three 
cost parameters: 

- specific costs of the cooling system 

25 ( Pr i Ce^g/ s # Cooling water) / 

- price per square meter of condensor area 
( Price m 2 , condensor) and 

- price per square meter of the cooling tower base 
area ( Price m 2 f Cooling tower) . 



30 



(B) Steam turbine 



A linearization process is carried out around a 
reference design point in order to model how the 
3 5 costs of the steam turbine depend on the HD 

temperature and the HD pressure: 
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COS t Sxurbine — COStSxurbinejreference 

x (1 + Correctionsuiranand T urbine,Ap 
+ Correctionsummand Turbinej at) 



ii .w"\, vs- 4"-^.^ a ir-ii "7"T'u j rr> 
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Correctionsummand Tur bine,AT 

= CorrTurb at. Gradient x ( Thd = T HD , Reference ) 

Correctionsummand Turb ine,Ap = CorrTurb A p /Gradien t x (p HD - 
5 Phd, Reference) 

The turbine costs thus depend on the following 
three cost parameters 

10 - turbine costs for the reference design 

( COS tSTurbine, Reference ) / 

- temperature dependency on the turbine costs 

(CorrTurb AT , Gradi ent) , 

- pressure dependency of the turbine costs 

15 ('Cor rTurb Ap , Gradient) . 



(C) Heating surfaces 



The costs for the individual boilers (which are 
2 0 physically identical) must be added up in order to 

obtain the costs for the total heating surfaces of 
a multishaft system: 



COS tSneating surface, gas and steam ~ Cost Seating surf ace , Boi ler X 

2 5 Number B0 iiers 

The costs of an individual boiler are composed of: 



- a lump sum, the cost parameter "lump sum for the 
30 heating surface costs per waste heat boiler 

( COS tS He ating surface, fixed) " and 

- the contributions of the individual heating 
surfaces, which are dependent on the heating 
surface geometry, the materials used and the wall 

3 5 fittings, which depend on the boiler shape. 

The costs of the individual heating surfaces are 
each influenced by the two cost parameters: 



>--] n a^ri- =crj i, * % ?. r*r\, ~r —ii ^-j 
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- basic price of the heating surfaces per square 
meter ( Price He ating surface,™ 2 ) and 

- price of the heating surface tubes per kilogram 

(Priceneating surface, kg) • 

5 

COStS H eat ing surf ace , Boiler 

= COStS Hea ting surface, fixed. 

+ ^ \ CoStSneating surface i ( ^^i-C*®Heating surface,m2/ 

Heating surface i 

P3T1C ©Heating surface, kg) 

10 Both the basic square-meter price and the kilogram 

price are dependent on the materials. 



'is «?'4 r-i ri. *Yr\> v-z v. 3, tr* fT„ jt': } .r « 
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(D) Remainder of the power station 

The costs of the remainder of the power station can 
be modeled inj two different ways: 

5 

(i) As proportional to the net total output of the 
power station; 

Since the investment costs are divided by the 
net total output in the formula for the power 
10 generation costs, this approach results in 

only one constant which is the same for all 
design variants, that is to say the costs of 
the remainder of the power station are 
irrelevant to the optimization. 

15 

(ii) As an output- independent lump sum; 

If this approach is chosen, the costs of the 
remainder of the power station are highly 
significant to the design optimization since, 
20 if the power station output is relatively 

large, the lump sum (converted to a per annum 
rate) is distributed over a relatively large 
number of kWh . 

25 Certain parts of the remainder of the power station 

are modeled more appropriately by approach (i) , and 
others by approach (ii), but the precise breakdown 
can be determined only with great difficulty: 

3 0 COStSR emain d er 0 f the power station = CoStSp er fcvtf X P e i eC/ g as an( j 

steam, net 

+ CoStS Reina i n fl er 0 f the power station, constant 



35 



The three location-specific parameters: 

• annuity, 

• annual operating hours (h yea r) and 

• fuel costs per kWh combustion heat (b) 
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are investigated as the final group of cost parameters 
which, within the required function, govern the ratio 
between the investment cost and fuel cost proportion of 
the power generation costs . 

Processor unit 

7 

Figure 5 shows a processor! unit PRZE which is suitable 
for carrying out } transformation and/or 

compression/decompression. The processor unit PRZE has 
a processor CPU, a memory MEM and an 
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input /output interface IOS, which is used in various 
ways via an interface IFC : an output can be displayed 
on a monitor MON and/or can be printed out on a printer 
PRT via a graphics interface. Inputs are made via a 
5 mouse MAS or a keyboard TAST. The processor unit PRZE 
also has a data bus BUS, which provides the connection 
from a memory MEM, the processor CPU and the 
input/output interface IOS. Additional components can 
also be connected to the data bus BUS, such as 
10 additional memory, data memory (hard disk) or a 




25 
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- Patent Clai ms 

1 .t/ A method for simulation of a technical system, 

(7a )j in which d - Required! function depends* on 
parameters and on "™|predeterminedj setting 
constants/; ± 



(b) in whicn^a — result in the form of an influence 
of the parameters on the technical system^ (is 
determined^ as a function of a predetermined^ 
10 set of parameters and on the basis of a 

request to an external source ; 
(^<c) in whicbythe result JIs temporarily storej; and 
£jd) iin whic^^tne^ technical system |is simulatedj on 
the basis of the result and of the setting 
15 constants . 

2.^The method as ^claimed .in claim 1, -£ ir(rl<*J~~ C0^P MSi ^ ^* 
Qn which the) j f ^nHical system^jLs designedj on the 
basis of the simulation. 




20 

The method as claimed in claim 2, uuLahe, <\ _ d^Ccr aA> J<3j£j^L e$ 
Qn which^ the desig n jpr^ cess (^comprise^Jj adaptation 
of, a change to, ^or/ja redesign of the technical 

4 V Th« 

claimsj, -f^r^^ c^yp^ i*^ . 

m whichj j ffie influence of the parameters on the 
technical system £Ts redetermined^ by accessing the 
30' temporarily stored result. 




The method as claimed in ^ [one of the preceding 
claimj, cJ)ygj-fc« v o 

C±n whicfi^ the influence of each of a (large numberj plur*J>4y 
35 of sets of parameters on the technical system is 

determined by checking the external source, and u^&*-'J} 
the result of this check is temporarily stored. 



>% tr~:, =i> s ^ ? a *: a vf,h •■ n r'a : ^; 
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The method as claimed in claim 5, tJK^e.m 
^Tn whicl£7an additional influence is determined on 
the basis of the temporarily stored results. 



7 .L 4 * The n 



method ag claimed in claim 6, ^i tr**- ^ 

r ~ ^U^2_ - — 

|^in whiclj a ^^^J^ na ^" ^~ n ^ ^- uence ^ s determined by^ 

interpolation^orjjjextrapolation . 




8 A The method as claimed in claim 6, 
10 (jji whichj jftKe additional influence is determined 

from the results using an neural network. 



JL.fe "3*- &, tik^s „ ^;„„ i|„_1i 
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10 



20 



9 A The method as claimed in\fone 

claimg, ufk&^ih d^L 
{in whichj the external source is Ja^simulator (prj /ail 
experi 

loL^The m 



experiment . 

method as claimed in^fone of the preceding 
claimj, ^gja 
£j- n whichj ; fthe ^imu^Lation is carried out using a 
Qlarge numbe^ j^oT results , without the external 
source. 

WS The method as claimed in\ [one of the preceding 

claim i' tu ^^ ^7^^ Vi, £gg 

Q_n whichjj^the simulation of the technical system^xs 
15 used to determine^ the sensitivity of sets of 

parameters to changes in the setting constants. 




12 y An arrangement for simulation of a technical 
system, Cjy^p^^f 

^Tn whicKj a processor unit (_i.s provided, which i^sj 
(jf up such that rj jtjk.tx.i/\^ 

Qjaj) a (required^ function depends on parameters and 




O^fi fesul 'L — ±71 — the torm of "an influence of the 
2 5 parameters on the technical system (can be 

determined^ as a function of a predetermined^ 
set of parameters and on the basis of a 
request to an external source : sL/id 
( (c )ilthe result /c~an be temporarily stored; and] uJ^trdn 
30 ^(d)Jthe j tecnnical system (can be simulatedj on the 

basis of the result and of the setting 
constants . 

13. A computer program product /for simulation* off] a 
35 A technical system, (which, when run on a processor 

unit, comprises the following steps': J u/Lq^Ia 
Q(a)j a frequiredj function depends on parameters and 
^predetermined^setting constant^ ^ ^/r^vfn C» ^ ~ 



ii X i ^ J u .iL B . ^ T// "*-L n""-i "-~« 
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£j[b)} aj result^ in the form of an influence of the 
parameters on the technical system^ $Jls 
determined^ as a function of a ^predetermined^ 
set of parameters and on the basis of a 



^(c](Jthe^ result ^sj^temporarily^tored; and 
^J(djjthe technical system simulatedj on the basis 

of the result and of the setting constants. 




17. 

3.6. 
<3a 



^^^^ Cc i~3 ^H^n 
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5 

A method is specified for simulation of a technical 
system, in which a required function depends on 
parameters and predetermined setting constants. A 
result in the form of an influence of the parameters on 

10 the technical system is determined as a function of a 
predetermined set of parameters and on the basis of a 
request to an external source. The result is 
temporarily stored. The technical system is simulated 
on the basis of the result and of the setting 

15 constants. 
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SUBSTITUTE SPECIFICATION 

METHOD, ARRANGEMENT AND PRODUCT OF A COMPUTER PROGRAM FOR 

SIMULATING A TECHNICAL SYSTEM 

[0001] This application is the national phase under 35 U.S.C. § 371 of PCT International 
Application No. PCT/DE00/03143 which has an International filing date of September 11, 
2000, which designated the United States of America, the entire contents of which are hereby 
incorporated by reference. 

Field of the Invention 

[0002] The invention generally relates to a method, an arrangement and a computer program 
product for simulation of a technical system. 

Background of the Invention 

[0003] Various approaches are known (see [1] for example), for optimization of a technical 
system, in particular for global optimization. If the system to be optimized is a complex 
structure which is difficult to describe analytically, or cannot be described at all, then a 
simulation is frequently carried out for a specific configuration of the technical system. In a 
simulation such as this, a configuration or a reaction of the technical system is calculated as a 
function of a large number of setting parameters. Since there are a large number of setting 
parameters and an immense number of computation operations involved in determining the 
configuration of the technical system for specific sets of setting parameters, this involves an 
enormous amount of computation effort. If all the possible setting parameters of interest are 
combined to form a so-called parameter vector x, then this results in a simulation response y 
of dimension m for each case of this parameter vector in a dimension n. 

[0004] For (global) optimization, as good a configuration as possible, or as good a setting as 
possible, of the technical system is determined for a required function /. However, in addition 
to the setting parameters which are provided for the technical system and which can be varied 
during an optimization calculation, it is now also possible for so-called setting constants to 
occur which cannot be varied in a corresponding manner during the optimization calculation, 
and which are thus not variables (= can be varied) for optimization purposes. Nevertheless, 
these setting constants are of major importance since they influence the required function. 
One example of such setting constants is cost constants which, in some circumstances, vary 
severely, to a greater or lesser extent, over the course of time. If the cost constants change 
beyond a certain amount, and assuming that the required function includes costs, this may 
result in a change in the result during the course of the optimization process. It is now a major 

1 
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disadvantage to have to carry out the simulation process once again, as described above, if 
the cost constants change, thus resulting in the enormous computation effort being incurred 
once again. 

SUMMARY OF THE INVENTION 
[0005] An object of an embodiment of the invention is to allow a technical system to be 
simulated without having to carry out unnecessary time-consuming simulation steps more 
than once. 

[0006] This object can be achieved, for example, by a method for simulation of a technical 
system. 

[0007] In order to achieve such an object, an embodiment of the invention specifies a method 
for simulation of a technical system, in which a required function depends on parameters and 
predetermined setting constants. A result in the form of an influence of the parameters on the 
technical system can be determined as a function of a predetermined set of parameters and on 
the basis of a request to an external source. The result can be temporarily stored. The 
technical system can be simulated on the basis of the result and the setting constants. 
[0008] In this case, it can be particularly advantageous that the process of determining the 
value of the required function can be split into determination of the influence of the 
parameters on the technical system and determination of the influence of the setting constants 
on the technical system. It can thus be possible to optimize the time-consuming and 
computation-intensive check with the external source such that, in particular, once results 
have been determined, they can be reused for further simulation purposes. 
[0009] One development can include the technical system being designed on the basis of the 
simulation. In particular, in this case, the technical system can be 

• redesigned, 

• adapted, 

• configured, or 

• controlled. 

[0010] Redesign preferably includes recreation of the technical system, for example of a 
process technology system, of a circuit or of a software system. Adaptation can include a 
change to an existing system, for example in order to improve its operation. Configuration 
may include defining not only the sizes but also settings of components, for example of 
physical dimensions of parts of a technical system. Finally, control allows the variable system 
parameters to be set efficiently so that, in particular, it is possible to ensure that it operates as 
efficiently as possible. 
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[0011] One refinement can be for the influence of the parameters of the technical system to 
be redetermined by accessing the temporarily stored result. This temporary storage step saves 
a considerable amount of computation effort and time. 

[0012] Another development can be to determine the influence of each of a large number of 
sets of parameters on the technical system by checking with the external source, and then 
temporarily store the result of this check. In this case, it is advantageous that a number of 
checks result in a number of results, whose temporary storage defines a (multidimensional) 
plane in a (multidimensional) space. This plane is defined with greater accuracy, the greater 
the number of checks that are carried out with the external source (for example the 
simulator). If the plane has been defined sufficiently accurately, that is to say it has a 
sufficient number of support points, then further (multidimensional) points on the same plane 
can be determined by interpolation or extrapolation, even without any checks. Such an 
interpolation/extrapolation method is generally considerably less time-consuming and 
computation-intensive than the determination process by means of a simulator. 
[0013] In one development, a number of results can also be initially determined and can be 
temporarily stored. Additional points can then be determined without any further check with 
the external source by means of a neural network, with the stored results being provided as a 
training set to the neural network. A neural network such as this may, in particular, be in the 
form of a multilayer perceptron (see [2] for example). 

[0014] The check with the external source may, in particular, be carried out so that the 
external source itself represents a complex simulation program, on the basis of which, and 
depending on the set of parameters, a result can be calculated for that configuration or more 
detailed description of the technical system. One alternative to this is to carry out the check 
with an external source via an experiment. 

[0015] In another refinement, the simulation of the large number of results can be carried out 
without any further check with the external source. In particular, the temporarily stored 
multidimensional description of the results which have already been determined from checks 
that have been carried out can be used to carry out a further simulation without any need for 
the complex mechanism for determining the results in the form of the external source. 
[0016] In an additional refinement, the method for simulation of a technical system as 
described above can be used in a sensitivity analysis. In this case, the sensitivity of the optima 
(the variable parameters) to changes to the predetermined setting constants is determined. 
[0017] Furthermore, in order to achieve an object, an arrangement for simulation of a 
technical system can be specified, in which a processor unit is provided which can be set up 
such that: 
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1. a required function depends on parameters and predetermined setting constants; 

2. a result in the form of an influence of the parameters on the technical system can be 
determined as a function of a predetermined set of parameters and on the basis of a 
request to an external source; 

3. the result can be temporarily stored; and 

4. the technical system can be simulated on the basis of the result and of the setting 
constants. 

[0018] Furthermore, a computer program product (article of manufacture) can be specified in 
order to achieve an object, which is intended for simulation of a technical system and, when 
run on a processor unit, includes the following steps: 

1. a required function depends on parameters and predetermined setting constants; 

2. a result in the form of an influence of the parameters on the technical system is 
determined as a function of a predetermined set of parameters and on the basis of a 
request to an external source; 

3. the result is temporarily stored; and 

4. the technical system is simulated on the basis of the result and of the setting constants. 
[0019] The arrangement and the computer program product are particularly suitable for 
carrying out the method according to an embodiment of the invention, and/or one ore more of 
its developments explained above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] Exemplary embodiments of the invention will be described and explained in the 
following text with reference to the drawings, in which: 

Figure 1 shows a method for simulation of a technical system; 
Figure 2 shows a method for simulation of a technical system with a temporary 
store; 

Figure 3 shows a method for simulation of a technical system with automatic 
grid sampling; 

Figure 4 shows a method for simulation using a simulation database; and 
Figure 5 shows a processor unit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] Figure 1 shows a method for simulation of a technical system, in particular of a 
power station. Required function evaluation 102 depends on the results from external sources, 
in this case an external simulator 106 which is linked via a "power station link" interface 105. 
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Furthermore, the required function evaluation 102 depends on setting constants, in this case 
cost constants 103. This thus results in the following relationship: 



[0022] Here, / denotes the required function, which depends on the cost constants a, 3> •-• 
and is split into a component F, which includes the cost constants, into a component <|>, which 
comprises the parameters x = (xi, X2, x n ) T , which can be influenced during the course of 
the optimization process. The character "O" in the above formula (1) denotes that two 
functions are carried out successively. 

[0023] A (global) optimization of the required function /, which is provided by the required 
function evaluation 102, is carried out in an optimization process 101. The result of the 
optimization process 101 is used, in particular, for a new entry into the required function, so 
that another optimization process 101 can be carried out taking into account the cost 
constants 103. In particular, this method is reiterated until a predetermined quality has been 
achieved, or the further improvement between the most recent iterations is not significant. 
Results from the required function evaluation 102 are preferably stored in a record file 104. 
[0024] Figure 2 is an expansion of Figure 1, in which a simulation interface 201 with a 
simulation database 202 is inserted. The simulation interface 201 means that the result of 
each check with an external source, in this case via the power station link 105 and the 
simulator 106, is temporarily stored in the simulation database. If the same check with the 
simulator 106 were to occur at a later time, then there is no need for this to start another time- 
consuming calculation process, and it can be done just by directly accessing the results that 
are already stored in the simulation database 202. In this case, it should be noted that the cost 
constants 103 are calculated in the required function evaluation 102 using the result of the 
check. This breakdown of the required function in accordance with equation (1) ensures that, 
even if the cost constants were to change, the required function can be calculated (and 
optimized) quickly and efficiently, with no need to make use of the simulator 106 once again 
for the sets of the parameters x that have already been determined. 

[0025] Figure 3 shows an automated method for systematic use of the simulation database 
202. Using grid sampling 301, it is possible to determine results y directly for specific 
(multidimensional) points x in parameter space, deliberately via the simulation interface 201, 
the power station link 105 and the simulator 106, and to store these results in the simulation 
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database. The advantage is that the use of the systematically determined points results in a 
"grid" of greater or lesser density, depending on the application. This grid makes it possible 
to determine intermediate values by interpolation or extrapolation, without any need for a 
check with the simulator 106. The grid thus results in a basic structure which can be helpful 
for further optimization, even without the simulator 106. 

[0026] Figure 4 shows the situation once grid sampling has been completed. Here, there is 
no longer any need for the simulator 106 (indicated by the interrupted connecting line 402). A 
simulation and/or optimization process can thus be carried out, for example, without any link 
to the simulator 106 and without its time-consuming calculations. A block 401 denotes the 
evaluation of the results which have been gathered in the simulation database and/or have 
been interpolated or extrapolated. 

Configuration optimization of power stations 

[0027] The process of optimizing the configuration of gas and steam power stations includes 
a search for configuration points which lead to minimum power generation costs. The power 
generation costs form the required function / whose minimum is being looked for. The power 
generation costs now depend not only on the power station variables to be configured (= 
parameters, setting parameters) which are combined in the following text within the variable 
vector x. In fact, this functional relationship includes a range of setting constants (in this case, 
cost constants, cost parameters; for example gradients of cost curves). Depending on the 
value of these cost constants, they may in some circumstances result in other design optima 
x opt for the technical system, in this case the gas and steam power station. 

[0028] Now, the values of these cost constants 

a) cannot be determined exactly in most cases, that is to say they are subject to an 
uncertainty (which in general can be estimated only roughly), 

and 

b) in some cases (for example the fuel price) are not universally valid for all power station 
quotations at a given time, but vary regionally. 

[0029] In order to assess a design optimum, it is important to be able to estimate whether this 
design optimum, which has been determined on the assumption of a specific value k 0 
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(referred to as the primary value in the following text) of the cost parameter k, and which is 
thus denoted x k o, is also still optimum for adjacent values ko ± Ak. The procedure for 
determining this sensitivity of the design optimum to variation in the cost parameters is 
described in detail in the following text. 
[0030] In this case, two aspects are investigated: 

1) How does the design optimum vary when one cost parameter is varied upward 
and downward by 50% about its primary value k 0 ? 

If the cost parameter k were to be varied continuously, then a curve x k of design 
optima, configured by k, would be produced as the response to this question. 

2) As sketched above, the power generation costs f depend on the design variables x 
and on the value of the cost parameter k: 

f=f(x,k) 

(Only one cost parameter k is described here, for simplicity). The investigation described 
in 1) provides a functional relationship between the power generation costs and the cost 
parameter k, 

which is obtained by selecting the configuration x kpresent > which is matched to k preS ent, 
for each present value of k: 

fopt(kpresent) ^^kp resent ' ^present)- 

However, in many cases, it is not desirable to match the configuration x to the value of 
the cost parameter k, instead of this, the configuration x kQ which has been optimized for 

the primary value k 0 should be retained even if the cost conditions change, that is to say 
for one entire value interval 

[k 0 - Ak,k 0 + Ak] 

of the cost parameter k. This procedure results in a different functional relationship between the 
power generation costs and the value 

kpresent • ^x^q (^present) - = ^(^ k Q > ^present)- 
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Such definition of the configuration results, of course, in a certain amount of optimization potential 

remaining unused for a given value kp^f This optimization potential corresponds to the additional 
costs associated with a standard configuration x kQ , and is thus quantified (as a function of k prcscnt ) by: 

^ x k0 (^p resent) " fopt(kpresent)* 

[0031] The more detailed investigation of said aspects is based on the following procedure: 

(i) To define a "standard configuration" x k() , all the cost parameters are set to their 
primary value ko. x kQ is the minimum of the required function 

(= power generation costs) f(x, ko) [with ko constant]. 

(ii) Those cost parameters which are identified as being relevant are each investigated 
individually. In the process, all the other cost parameters are each fixed at their 
primary value, while the parameter to be investigated, referred to as k, is decreased 
in small steps 5k within an interval 

[ko - Ak, k 0 + Ak] 

arranged symmetrically about its primary value ko 

kpiLsan = ko - Ak, ko - Ak + 5k, ko - Ak + 2-5k,...,ko,.-,ko + Ak. 

The interval width is chosen to be (for virtually all the parameters k being 
investigated) 

Ak = 50% • k 0 , 
and the grid step width is chosen to be 

5k = 5% • ko. 

The following step (iii) is carried out for each of the grid values k prese nt- 

(iii) Determine the optimum configuration x kpresem matched to k pre sent by minimizing the 
required function (= power generation costs) f(x,k preS ent) [with k preS ent constant]. By 
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substituting Xkpresent or x kQ into the required function f(.,k preS ent), calculate the values 

fopt(kpresent) OT f X k ^ (kp resen t)- 

The sequence of the points x kp resent for all the grid steps with the k interval is a 
quantized version of the sought curve Xk of design optima [see aspect 1)]. 
Analogously, the sequence of the differences fopt(k pr esent) - f x kQ (k pre sent) represents a 

quantized version of the function "additional costs of choosing the standard 
configuration x kQ " (as a function of k presen t) [see aspect 2)]. 

[0032] A practical example shows that 500 optimization calculations must be carried out to determine 
Xkpresent in accordance with step (iii) for power station optimization with 25 cost parameters to be 
investigated, each of which has 20 grid steps. Bearing in mind that the computation time required per 
configuration optimization process is approximately one day, as a result of the numerous (several hundred) 
checks on the simulator 106 required for this purpose, it is less economic, for step (iii) to optimize each of 
the design variables in the full real-value space. To overcome this, the search area is 
quantized, as is explained in the following text. 

Grid concept 

Determination of the independent degrees of freedom 

[0033] Results from optimization calculations such as high-line plots of the required function 
for selected section planes through this multidimensional variable space lead to the 
conclusion that the design optimum in the variable space defined above are not isolated 
points but form a multidimensional subvariety. This is in turn an indication that the design 
variables are not in fact all independent of one another but are, in some cases, linked to one 
another by physical relationships. The number of degrees of freedom for the optimization 
may thus be reduced. 

[0034] As explained above, the movement of design optima is intended to be calculated in 
the course of the sensitivity analysis. Isolated optima rather than entire optimum varieties are 
required for this purpose. Further section planes in the above variable space are defined 
deliberately in order to determine the actually independent degrees of freedom for the gas and 
steam design. The analysis of the high-line plots of the power generation costs on these 
section planes frequently leads to the global optimum of the power generation costs being 
located - approximately - in a reduced search area (that is to say in a subarea of the variable 
space mentioned above). 
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Concept of a simulation database 

[0035] Every evaluation of the required function f(x,k pre sent) is carried out in two stages: 

(1) An entire range of thermodynamic and geometric variables is calculated for each check 
with the simulator 106 as a function of the value x of the design variables, 
characterizing one configuration. These variables are then combined to form the vector 
s for the simulation data: s = s(x). 

(2) The value of the required function (that is to say the power generation costs) is 
calculated from the simulation data s(x) as a function of the cost parameter 
constellation k preS ent- 

[0036] The concept of a simulation database subdivides the required function calculation into 
two mutually independent programs. 

Program 1 Starts a check with the simulator 106 in each case for any predetermined variable 
points x„ and stores the simulation results s(xi) in the simulation database 
202, which is preferably in the form of a file with a specific format. The cost 
parameters are irrelevant to this program. 

Program 2 Calculates the value of the required function f(x, k present ) for a given cost 
parameter constellation k prese nt, for all the simulation data s stored in the 
simulation database 202 - and hence for all the variable values x on which 
this simulation data is based. 

[0037] In combination with the grid concept, this results in the following procedure: 

• The program 1 is used to apply grid points to the simulation database in advance. 

• The required function values f(x, k pr e Se nt) of all the grid points are calculated by means of 
the program 2 for each cost parameter constellation k prese m to be calculated. The grid point 
having the minimum required function value is noted as the optimum. 

Significance of the cost parameters 

[0038] The aim of the design optimization process is to minimize, for example, the power 
generation costs: 

Investment costs X Annuity b 
Power generation costs = H 

Pelec, gas and steam,net ^ hyear T|gas and 

steam 

[0039] The term "investment costs" is formed from the costs of the three individual aspects 
which are mainly affected by the design decisions, 
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• cold end, 

• steam turbine, 

• hot surfaces of the waste heat boiler and the costs of the remaining power station parts, 
which are referred to in summary form as "remainder of power station": 

Investment COStS = CoStScold end + CoStSTurbine 
+ CoStSHot surfaces of the waste heat boiler, gas and steam 
+ CostSRemainder of power station 

[0040] Further reorganization of these individual investment cost terms result in those cost 
parameters becoming visible which influence these cost terms - in conjunction with the 
design variables: 
(A) Cold end 

CoStScold end = CoStSCooling system: pipes/pumps + CoStS conc i ensor 
+ CoStScooling tower 



CoStScooling system; pipes/pumps ~~ rHcoohng water X I^C^kg/^Cooling water 
+ Basic pricecoolmg system: pipes/pumps 

CoStScondensor = Area^ondensor X PriCem^Condensor 
+ Basic pricecondensor 

CoStScooling tower — Basic areacooling tower 

x Price m 2 ,cooiing tower 

+ Basic pricecooling tower 



The costs of the cold end are thus critically influenced by the values of the following 
three cost parameters: 

- specific costs of the cooling system (Pricekg/ s ,cooimg water), 

- price per square meter of condensor area (Price m 2 , condensor) and 

- price per square meter of the cooling tower base area (Price m 2 ,cooiing tower). 

(B) Steam turbine 

A linearization process is carried out around a reference design point in order to model 
how the costs of the steam turbine depend on the HD temperature and the HD pressure: 

CoStSTurbine = CostSxurbine,reference 
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x (1 + Correctionsummand Tu rbine,Ap 
+ Correctionsummand Tu rbine,AT) 
CorrectionsummandrurbincAT 

= CorrTurbAT,Gradient x (ThD = T H D,Reference) 

Correctionsummand Tu rbine,A P = CorrTurb Ap ,Gradient x (Phd - pHD,Reference) 
The turbine costs thus depend on the following three cost parameters 

- turbine costs for the reference design (Costs Tu rbine,Reference), 

- temperature dependency on the turbine costs (CorrTurbAT,Gradient), 

- pressure dependency of the turbine costs (CorrTurb Ap ,Gradient). 

(C) Heating surfaces 

The costs for the individual boilers (which are physically identical) must be added up in 
order to obtain the costs for the total heating surfaces of a multishaft system: 

CoStSHeating surface,gas and steam — CoStSHeatmg surface,Boiler 

x Number Bo iiers 
The costs of an individual boiler are composed of: 

- a lump sum, the cost parameter "lump sum for the heating surface costs per waste 
heat boiler (Costs He atingsurface,fixed)" and 

- the contributions of the individual heating surfaces, which are dependent on the 
heating surface geometry, the materials used and the wall fittings, which depend on 
the boiler shape. 

The costs of the individual heating surfaces are each influenced by the two cost 
parameters: 

- basic price of the heating surfaces per square meter (Price H eaung surface.m 2 ) and 

- price of the heating surface tubes per kilogram (PriceHeating surface,k g ). 

CoStSHeating surface,Boiler = CoStSHeating surface,fixcd 




Heating surface i 
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Both the basic square-meter price and the kilogram price are dependent on the 
materials. 

(D) Remainder of the power station 

The costs of the remainder of the power station can be modeled in at least two different 
ways: 

(i) As proportional to the net total output of the power station; 

Since the investment costs are divided by the net total output in the formula for 
the power generation costs, this approach results in only one constant which is 
the same for all design variants, that is to say the costs of the remainder of the 
power station are irrelevant to the optimization. 

(ii) As an output-independent lump sum; 

If this approach is chosen, the costs of the remainder of the power station are 
highly significant to the design optimization since, if the power station output is 
relatively large, the lump sum (converted to a per annum rate) is distributed over 
a relatively large number of kWh. 



Certain parts of the remainder of the power station are modeled more appropriately by 
approach (i), and others by approach (ii), but the precise breakdown can be determined 
only with great difficulty: 



^OSlSR emainc j er 0 f the power station — CostSper kW x Pelec, gas and steam, net 
+ CostSRemaiiider of the power station,constant 



[0041] The three location-specific parameters: 



• annuity, 

• annual operating hours (h year ) and 

• fuel costs per kWh combustion heat (b) 

are investigated as the final group of cost parameters which, within the required function, 
govern the ratio between the investment cost and fuel cost proportion of the power generation 
costs. 



Processor unit 

[0042] Figure 5 shows a processor unit PRZE which is suitable for carrying out any of the 
previously expressed methodology, including transformation and/or 
compression/decompression. The processor unit PRZE has a processor CPU, a memory 
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MEM and an input/output interface IOS, which is used in various ways via an interface IPC: 
an output can be displayed on a monitor MON and/or can be printed out on a printer PRT via 
a graphics interface. Inputs are made via a mouse MAS or a keyboard TAST. The processor 
unit PRZE also has a data bus BUS, which provides the connection from a memory MEM, 
the processor CPU and the input/output interface IOS. Additional components can also be 
connected to the data bus BUS, such as additional memory, data memory (hard disk) or a 
scanner. 

[0043] In addition, any of the aforementioned or other memory devices can make up a 
computer program product including program segments (article of manufacture), for carrying 
out any of the aforementioned methodology. Of course, such a computer program can 
include any type of computer readable medium Such a computer program product preferably 
is adapted to cause a computer or processor to carry out steps of the aforementioned 
methodology. 

[0044] The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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Method, arrangement and computer program product for 
simulation of a technical system 

5 

The invention relates to a method, an arrangement and a 
computer program product for simulation of a technical 
system. 

10 Various approaches are known [1] for optimization of a 
technical system, in particular for global 
optimization. If the system to be optimized is a 
complex structure which is difficult to describe 
analytically, or cannot be described at all, then a 

15 simulation is frequently carried out for a specific 
configuration of the technical system. In a simulation 
such as this, a configuration or a reaction of the 
technical system is calculated as a function of a large 
number of setting parameters. Since there are a large 

2 0 number of setting parameters and an immense number of 
computation operations involved in determining the 
configuration of the technical system for specific sets 
of setting parameters, this involves an enormous amount 
of computation effort. If all the possible setting 

25 parameters of interest are combined to form a so-called 
parameter vector x, then this results in a simulation 
response y of dimension m for each case of this 
parameter vector in a dimension n. 



30 For (global) optimization, as good a configuration as 
possible, or as good a setting as possible, of the 
technical system is determined for a required function 
f. However, in addition to the setting parameters which 
are provided for the technical system and which can be 

3 5 varied during an optimization calculation, it is now 
also possible for so-called setting constants to occur 
which cannot be varied in a corresponding manner during 
the optimization calculation, and which are thus 
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not variables ( = can be varied) for optimization 
purposes. Nevertheless, these setting constants are of 
major importance since they influence the required 
function. One example of such setting constants is cost 
5 constants which, in some circumstances, vary severely, 
to a greater or lesser extent, over the course of time. 
If the cost constants change beyond a certain amount, 
and assuming that the required function includes costs, 
this may result in a change in the result during the 
10 course of the optimization process. It is now a major 
disadvantage to have to carry out the simulation 
process once again, as described above, if the cost 
constants change, thus resulting in the enormous 
computation effort being incurred once again. 

15 

The object of the invention is to allow a technical 
system to be simulated without having to carry out 
unnecessary time-consuming simulation steps more than 
once . 
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This object is achieved according to the features of 
the independent patent claims. Developments are 
described in the dependent claims. 

5 In order to achieve the object, the invention specifies 
a method for simulation of a technical system, in which 
a required function depends on parameters and 
predetermined setting constants. A result in the form 
of an influence of the parameters on the technical 
10 system is determined as a function of a predetermined 
set of parameters and on the basis of a request to an 
external source. The result is temporarily stored. The 
technical system is simulated on the basis of the 
result and the setting constants. 

15 

In this case, it is particularly advantageous that the 
process of determining the value of the required 
function is split into determinati on of the influence 
of the parameters on the technical system and 

2 0 determination of the influence of the setting constants 
on the technical system. It is thus possible to 
optimize the time-consuming and computation-intensive 
check with the external source such that, in 
particular, once results have been determined, they can 

2 5 be reused for further simulation purposes. 

One development comprises the technical system being 
designed on the basis of the simulation. In particular, 
in this case, the technical system can be 

30 

• redesigned, 

• adapted, 

• configured, or 

• controlled. 

35 

Redesign preferably comprises recreation of the 
technical system, for example of a process technology 
system, of a circuit or of a software system. 
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Adaptation comprises a change to an existing system, 
for example in order to improve its operation. 
Configuration may comprise defining not only the sizes 
but also settings of components, for example of 
5 physical dimensions of parts of a technical system. 
Finally, control allows the variable system parameters 
to be set efficiently so that, in particular, it is 
possible to ensure that it operates as efficiently as 
possible . 
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One refinement is for the influence of the parameters 
of the technical system to be redetermined by accessing 
the temporarily stored result. This temporary storage 
step saves a considerable amount of computation effort 
5 and time. 

Another development is to determine the influence of 
each of a large number of sets of parameters on the 
technical system by checking with the external source, 

10 and then temporarily store the result of this check. In 
this case, it is advantageous that a number of checks 
result in a number of results, whose temporary storage 
defines a (multidimensional) plane in ^ a 

(multidimensional) space. This plane is defined with 

15 greater accuracy, the greater the number of checks that 
are carried out with the external source (for example 
the simulator) . If the plane has been defined 
sufficiently accurately, that is to say it has a 
sufficient number of support points, then further 

2 0 (multidimensional) points on the same plane can be 
determined by interpolation or extrapolation, even 
without any checks. Such an interpolation/extrapolation 
method is generally considerably less time-consuming 
and computation-intensive than the determination 

2 5 process by means of a simulator. 

In one development, a number of results are also 
initially determined and are temporarily stored. 
Additional points can then be determined without any 

3 0 further check with the external source by means of a 

neural network, with the stored results being provided 
as a training set to the neural network. A neural 
network such as this may, in particular, be in the form 
of a multilayer perceptron (see [2]). 

35 

The check with the external source may, in particular, 
be carried out so that the external source itself 
represents a complex simulation program, on the basis 
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of which, and depending on the set of parameters, a 
result is calculated for that configuration or more 
detailed description of the technical system. One 
alternative to this is to carry out the check with an 
5 external source by means of an experiment. 

In another refinement, the simulation of the large 
number of results is carried out without any further 
check with the external source. In particular, the 

10 temporarily stored multidimensional description of the 
results which have already been determined from checks 
that have been carried out can be used to carry out a 
further simulation without any need for the complex 
mechanism for determining the results in the form of 

15 the external source. 

In an additional refinement, the method for simulation 
of a technical system as described above is used in a 
sensitivity analysis. In this case, the sensitivity of 
2 0 the optima (the 
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variable parameters) to changes to the predetermined 
setting constants is determined. 

Furthermore, in order to achieve the object, an 
5 arrangement for simulation of a technical system is 
specified, in which a processor unit is provided which 
is set up ■ such that: 



1. a required function depends on parameters and 
10 predetermined setting constants; 

2 . a result in the form of an influence of the 
parameters on the technical system can be determined 
as a function of a predetermined set of parameters 
and on the basis of a request to an external source; 

15 3. the result can be temporarily stored; and 

4. the technical system can be simulated on the basis 
of the result and of the setting constants. 



Furthermore, a computer program product is specified in 
2 0 order to achieve the object, which is intended for 
simulation of a technical system and, when run on a 
processor unit, comprises the following steps: 

1 . a required function depends on parameters and 
25 predetermined setting constants; 

2 . a result in the form of an influence of the 
parameters on the technical system is determined as 
a function of a predetermined set of parameters and 
on the basis of a request to an external source; 

30 3. the result is temporarily stored; and 

4. the technical system is simulated on the basis of 
the result and of the setting constants. 



The arrangement and the computer program product are 
35 particularly suitable for carrying out the method 
according to the invention, or one of its developments 
explained above . 
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Exemplary embodiments of the invention will be 
described and explained in the following text with 
reference to the drawings, in which: 



] 



a,oo o as & if**- , o a e o o s 

GR 99 P 2862 

- 5 - 

Figure 1 shows a method for simulation of a 
system; 

Figure 2 shows a method for simulation of a 

system with a temporary store; 
5 Figure 3 shows a method for simulation of a 

system with automatic grid sampling; 
Figure 4 shows a method for simulation 

simulation database; and 
Figure 5 shows a processor unit. 

10 

Figure 1 shows a method for simulation of a technical 
system, in particular of a power station. Required 
function evaluation 102 depends on the results from 
external sources, in this case an external simulator 
15 106 which is linked via a "power station link" 
interface 105. Furthermore, the required function 
evaluation 102 depends on setting constants, in this 
case cost constants 103. This thus results in the 
following relationship : 

20 

/aA...(x) - F owJi ... o «Kx) ?X G R». (1) 

Here, f denotes the required function, which depends on 
the cost constants a, (3, ... and is split into a 
component F, which includes the cost constants, into a 
2 5 component <)>, which comprises the parameters x = (xi, x 2/ 
x n ) T , which can be influenced during the course of 
the optimization process. The character "O" in the 
above formula (1) denotes that two functions are 
carried out successively. 

30 

A (global) optimization of the required function f, 
which is provided by the required function evaluation 
102, is carried out in an optimization process 101. The 
result of the optimization process 101 is used, in 



technical 
technical 
technical 
using a 
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particular, for a new entry into the required function, 
so that another optimization process 101 can be carried 
out taking into account the cost constants 103. In 
particular, this method is reiterated until a 
5 predetermined quality has been achieved, or the further 
improvement between the most recent iterations is not 
significant. Results from the required function 
evaluation 102 are preferably stored in a record file 
104. 

0 

Figure 2 is an expansion of Figure 1, in which a 
simulation interface 201 with a simulation database 202 
is inserted. The simulation interface 201 
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means that the result of each check with an external 
source, in this case via the power station link 105 and 
the simulator 106, is temporarily stored in the 
simulation database. If the same check with the 
5 simulator 106 were to occur at a later time, then there 
is no need for this to start another time-consuming 
calculation process, and it can be done just by 
directly accessing the results that are already stored 
in the simulation database 202. In this case, it should 

10 be noted that the cost constants 103 are calculated in 
the required function evaluation 102 using the result 
of the check. This breakdown of the required function 
in accordance with equation (1) ensures that, even if 
the cost constants were to change, the required 

15 function can be calculated (and optimized) quickly and 
efficiently, with no need to make use of the simulator 
106 once again for the sets of the parameters x that 
have already been determined. 

2 0 Figure 3 shows an automated method for systematic use 

of the simulation database 202. Using grid sampling 
301, it is possible to determine results y directly for 
specific (multidimensional) points x in parameter 
space, deliberately via vthe simulation interface 201, 
25 the power station link 105 and the simulator 106, and 
to store these results in the simulation database. The 
advantage is that the use of the systematically 
determined points results in a "grid" of greater or 
lesser density, depending on the application. This grid 

3 0 makes it possible to determine intermediate values by 

interpolation or extrapolation, without any need for a 
check with the simulator 106. The grid thus results in 
a basic structure which can be helpful for further 
optimization, even without the simulator 106. 

35 

Figure 4 shows the situation once grid sampling has 
been completed. Here, there is no longer any need for 
the simulator 106 (indicated by the interrupted 
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connecting line 402). A simulation and/or optimization 
process can thus be carried out, for example, without 
any link to the simulator 106 and without its time- 
consuming calculations. A block 401 denotes the 
5 evaluation of the results which have been gathered in 
the simulation database and/or have been interpolated 
or extrapolated. 

Configuration optimization of power stations 

10 

The process of optimizing the configuration of gas and 
steam power stations comprises a search for 
configuration points which lead to minimum power 
generation costs. The power generation costs form the 
15 required function f whose minimum is being looked for. 
The power generation costs now 



X U OS 0£^W u O 32 00 s 

GR 99 P 2862 

- 7 - 

depend not only on the .power station variables to be 
configured (= parameters, setting parameters) which are 
combined in the following text within the variable 
vector x. In fact, this functional relationship 
includes a range of setting constants (in this case, 
cost constants, cost parameters; for example gradients 
of cost curves) . Depending on the value of these cost 
constants, they may in some circumstances result in 
other design optima x opt for the technical system, in 
this case the gas and steam power station. 

Now, the values of these cost constants 

a) cannot be determined exactly in most cases, that 
15 to say they are subject to an uncertainty (which 

general can be estimated only roughly) , 

and f 

2 0 b) in some cases (for example the fuel price) are not 
universally valid for all power station quotations 
at a given time, but vary regionally. 

In order to assess a design optimum, it is important to 
be able to estimate whether this design optimum, which 
has been determined on the assumption of a specific 
value k 0 (referred to as the primary value in the 
following text) of the cost parameter k, and which is 
thus denoted x k0 , is also still optimum for adjacent 
values k 0 ± Ak. The procedure for determining this 
sensitivity of the design optimum to variation in the 
cost parameters is described in detail in the following 
text . 

35 In this case, two aspects are investigated: 
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1) How does the design optimum vary when one cost 
parameter is varied upward and downward by 50% about 
its primary value k 0 ? 

If the cost parameter k were to be varied 
5 continuously, then a curve x k of design optima, 

configured by k, would be produced as the response 
to this question. 

2) As sketched above, the power generation costs f 
10 depend on the design variables x and on the value of 

the cost parameter k: 

f = f(x,k) 

15 (Only one cost parameter k is described here, for 

simplicity) . The investigation described in 1) 
provides a functional relationship between the power 
generation costs and the cost parameter k, 
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which is obtained by selecting the configuration 
, which is matched to k pres ent/ fo r each present 

k present 

value of k: 



5 f opt (kpresent) : ~ ^ "^kp resent ' -^present) • 

However, in many cases, it is not desirable to match 
the configuration x to the value of the cost 
parameter k, instead of this, the configuration x kQ 

10 which has been optimized for the primary value k 0 

should be retained even if the cost conditions 
change, that is to say for one entire value interval 



15 



[k 0 - Ak,k 0 + Ak] 

of the cost parameter k. This procedure results in a 
different functional relationship between the power 
generation costs and the value 

2 0 k presen t : ^ x ko ^ ^present ) I = £ ( X^ , k prese nt ) • 

Such definition of the configuration xro results, of 
course, in a certain amount of optimization potential 
remaining unused for a given value kpresent- This 
2 5 optimization potential corresponds to the additional 

costs associated with a standard configuration x kQ , and 

is thus quantified (as a function of k pre sent) by: 



30 



^ x ko (kpresent) f opt ( k presen t ) 



The more detailed investigation of said aspects is 
based on the following procedure: 

(i) To define a "standard configuration" x kQ , all the 

3 5 cost parameters are set to their primary value k 0 . 

x kQ is the minimum of the required function 



GR 99 P 2862 

- 8a - 

( = power generation costs) f (x, k 0 ) [with k 0 
constant] . 

Those cost parameters which are identified as 
being relevant are each investigated 

individually. In the process, all the other cost 
parameters are each fixed at their primary value, 
while the parameter to be investigated, referred 
to as k, is decreased in small steps 5k within an 
interval 

[k 0 - Ak, k 0 + Ak] 

arranged symmetrically about its primary value k 0 
15 

Vesent = k 0 - Ak, k 0 - Ak + 5k, ko - Ak + 2<5k, . . . , k 0 , . . - , k 0 + Ak. 



(ii) 



10 
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The interval width is chosen to be (for virtually 
all the parameters k being investigated) 

Ak - 50% - k 0 , 

5 

and the grid step width is chosen to be 

8k = 5% • k 0 . 

10 The following step (iii) is carried out for each 

of the grid values k present . 



(iii) Determine the optimum configuration X u matched 

k present 

to kp r esent by minimizing the required function ( = 
15 power generation costs) f (x, k present ) [with k preS ent 

constant] . By substituting Xkpresent or x kQ into the 

required function f ( . , k preS ent ) * calculate the 

Values f opt ( k preS ent ) OT f X kQ ( k prese nt ) • 

The sequence of the points Xkpresent for - all the 
2 0 grid steps with the k interval is a quantized 

version of the sought curve Xk of design optima 
[see aspect 1) ] . 

Analogously, the sequence of the differences 
f opt ( k preS ent ) - f x kQ ( k preS ent ) represents a quantized 

25 version of the function "additional costs of 

choosing the standard configuration x kQ " (as a 

function of k preS ent) [see aspect 2)]. 



A practical example shows that 500 optimization calculations 
3 0 must be carried out to determine Xkpresent in accordance with 
step (iii) for power station optimization with 25 cost 
parameters to be investigated, each of which has 20 grid 
steps . Bearing in mind that the computation time required 
per configuration optimization process is approximately one 
3 5 day, as a result of the numerous (several hundred) checks on 
the simulator 106 required for this purpose, it is less 
economic, for step (iii) to optimize each of 



GR 99 P 2862 

- 9a - 

the design variables in the full real-value space. To 
overcome this, the search area is quantized, as is 
explained in the following text. 

5 Grid concept 

Determination of the independent degrees of freedom 

Results from optimization calculations such as high- 
10 line plots of the required function for selected 
section planes through this multidimensional variable 
space lead to the conclusion that the design optimum in 
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the variable space defined above are not isolated 
points but form a multidimensional subvariety. This is 
in turn an indication that the design variables are not 
in fact all independent of one another but are, in some 
5 cases, linked to one another by physical relationships. 
The number of degrees of freedom for the optimization 
may thus be reduced. 

As explained above, the movement of design optima is 
10 intended to be calculated in the course of the 
sensitivity analysis. Isolated optima rather than 
entire optimum varieties are required for this purpose. 
Further section planes in the above variable space are 
defined deliberately in order to determine the actually 
15 independent degrees of freedom for the gas and steam 
design. The analysis of the high-line plots of the 
power generation costs on these section planes 
frequently leads to the global optimum of the power 
generation costs being located - approximately - in a 
20 reduced search area (that is to say in a subarea of the 
variable space mentioned above) . 

Concept of a simulation database 

25 Every evaluation of the required function f (x, k present ) is 
carried out in two stages: 

(1) An entire range of thermodynamic and geometric 
variables is calculated for each check with the 
30 simulator 106 as a function of the value x of the 

design variables, characterizing one configuration. 
These variables are then combined to form the 
vector s for the simulation data: s = s (x) . 

3 5 (2) The value of the required function (that is to say 
the power generation costs) is calculated from the 
simulation data s (x) as a function of the cost 
parameter constellation k preS ent ■ 
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The concept of a simulation database subdivides the 
required function calculation into two mutually 
independent programs . 

5 Program 1 Starts a check with the simulator 106 in 
each case for any predetermined variable 
points xi, and stores the simulation results 
s(xi) in the simulation database 2 02, which 
is preferably in the form of a file with a 
10 specific format. The cost parameters are 

irrelevant to this program. 
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Program 2 Calculates the value of the required 
function f(x, kp reS ent) for a given cost 
parameter constellation k prese nt/ tor all the 
simulation data s stored in the simulation 
5 database 2 02 - and hence for all the 

variable values x on which this simulation 
data is based. 

In combination with the grid concept, this results in 
10 the following procedure: 

• The program 1 is used to apply grid points to the 
simulation database in advance. 

15 • The required function values f (x, k preS ent) of all the 
grid points are calculated by means of the program 2 
for each cost parameter constellation k preS ent to be 
calculated. The grid point having the minimum 
required function value is noted as the optimum. 

20 

Significance of the cost parameters 

The aim of the design optimization process is to 
minimize the power generation costs: 

25 

Investment costs x Annuity b 
Power generation costs = H 

Pelec, gasandsteam.net X hyear TJgas and 

steam 

The term "investment costs" is formed from the costs of 
the three individual aspects which are mainly affected 
by the design decisions, f 

30 

• cold end, 

• steam turbine, 

• hot surfaces of the waste heat boiler and 
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• the costs of the remaining power station parts, which 
are referred to in summary - form as "remainder of 
power station" : 

Investment COStS = COStS Co id end + COStS Tu rbine 
5 + COStSnot surfaces of the waste heat boiler, gas and steam 

+ COS t SRemainder of power station 



_ :!i2i::i?'L?^ 
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Further reorganization of these individual investment 
cost terms result in those cost parameters becoming 
visible which influence these cost terms - in 
conjunction with the design variables: 

(A) Cold end 

COStScold end = COStS Co oling system: pipes/pumps + COStS con densor 
+ Costs Cooling tower 

COStScooling system: pipes/pumps = Pooling water X Priced/spooling water 
+ Basic priCecooling system: pipes/pumps 

COStScondensor = Area Con densor X Price m 2 , condensor 

15 + Basic price CO ndensor 

COStScooling tower = Basic area Co oling tower X PriC Cm 2 , Cooling tower 
+ Basic price Co oling tower 

20 The costs of the cold end are thus critically 

influenced by the values of the following three 
cost parameters: 

- specific costs of the cooling system 

2 5 ( Price^g/s, cooling water) / 

- price per square meter of condensor area 
(Price m 2 , condensor ) and 

- price per square meter of the cooling tower base 
area ( Price m 2 , cooling tower) - 



30 



(B) Steam turbine 



A linearization process is carried out around a 
reference design point in order to model how the 
3 5 costs of the steam turbine depend on the HD 

temperature and the HD pressure: 
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CoStS Tur bine — COSt S-rurbine, reference 

x (1 + Correctionsuiranand Tu rbine ( Ap 
+ Correcti on summand Tur bine , at ) 



f 
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CorrectionsummandTurbine, at 

= CorrTurb AT, Gradient X ( T H D ~ Thd, Reference ) 

Correcti on s ummand Tur bine , a p = Cor r TurbAp .Gradient X (Phd - 
5 Phd/ Reference) 

The turbine costs thus depend on the following 
three cost parameters 

10 - turbine costs for the reference design 

( COS tS-rurbine, Reference ) / 

- temperature dependency on the turbine costs 

(CorrTurb AT/ Gradient) , 

- pressure dependency of the turbine costs 
15 (CorrTurb Ap , Gradient/ • 



(C) Heating surfaces 



The costs for the individual boilers (which are 

2 0 physically identical) must be added up in order to 

obtain the costs for the total heating surfaces of 
a multishaft system: 



COStSneating surface, gas and steam — COStS He ating surf ace, Boiler 

2 5 Number Boi iers 



The costs of an individual boiler are composed of: 



- a lump sum, the cost parameter "lump sum for the 
3 0 heating surface costs per waste heat boiler 

(COStS He atxng surface, fixed) " and 

- the contributions of the individual heating 
surfaces, which are dependent on the heating 
surface geometry, the materials used and the wall 

35 fittings, which depend on the boiler shape. 

The costs of the individual heating surfaces are 
each influenced by the two cost parameters: 
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- basic price of the heating surfaces per square 
meter (Price He atin g surface, m 2 ) and 

- price of the heating surface tubes per kilogram 

(Priceneating surface, kg) • 
COStSneating surf ace , Boiler — COStS H eating surf ace, fixed 

+ > COStS H eating surface i (Price He ating surf ace, m2 / 

Heating surface i 

Priceneating surf ace, kg) 



10 



Both the basic square-meter price and the kilogram 
price are dependent on the materials. 



GR 99 P 2862 

- 14 - 

(D) Remainder of the power station 

The costs of the remainder of the power station can 
be modeled in two different ways: 

5 

(i) As proportional to the net total output of the 
power station; 

Since the investment costs are divided by the 
net total output in the formula for the power 
10 generation costs, this approach results in 

only one constant which is the same for all 
design variants, that is to say the costs of 
the remainder of the power station are 
irrelevant to the optimization. 

15 

(ii) As an output- independent lump sum; 

If this approach is chosen, the costs of the 
remainder of the power station are highly 
significant to the design optimization since, 
20 if the power station output is relatively 

large, the lump sum (converted to a per annum 
rate) is distributed over a relatively large 
number of kWh. 

25 Certain parts of the remainder of the power station 

are modeled more appropriately by approach (i), and 
others by approach (ii) , but the precise breakdown 
can be determined only with great difficulty: 

3 0 CO St SR Gm ainder of the power station = COStS per kW X Pelec, gas and 

steam, net 

+ COSt SRemainder of the power station, constant 

The three location-specific parameters: 

35 

• annuity, 

• annual operating hours (h yea r) and 

• fuel costs per kWh combustion heat (b) 
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are investigated as the final group of cost parameters 
which, within the required function, govern the ratio 
between the investment cost and fuel cost proportion of 
5 the power generation costs. 

Processor unit 

Figure 5 shows a processor unit PRZE which is suitable 
10 for carrying out transformation and/or 

compression/decompression. The processor unit PRZE has 
a processor CPU, a memory MEM and an 
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input/output interface IOS, which is used in various 
ways via an interface IFC: an output can be displayed 
on a monitor MON and/or can be printed out on a printer 
PRT via a graphics interface. Inputs are made via a 
5 mouse MAS or a keyboard TAST . The processor unit PRZE 
also has a data bus BUS , which provides the connection 
from a memory MEM, the processor CPU and the 
input/output interface IOS . Additional components can 
also be connected to the data bus BUS, such as 
10 additional memory, data memory (hard disk) or a 
scanner . 
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Patent Claims 



1. A method for simulation of a technical system, 

(a) in which a required function depends on 
5 parameters and on predetermined setting 

constants ; 

(b) in which a result in the form of an influence 
of the parameters on the technical system is 
determined as a function of a predetermined 

10 set of parameters and on the basis of a 

request to an external source; 

(c) in which the result is temporarily stored; and 

(d) in which the technical system is simulated on 
the basis of the result and of the setting 

15 constants. 

2. The method as claimed in claim 1, 

in which the technical system is designed on the 
basis of the simulation. 

20 

3. The method as claimed in claim 2, 

in which the design process comprises adaptation 
of, a change to, or a redesign of the technical 
system. 

25 

4. The method as claimed in one of the preceding 
claims , 

in which the influence of the parameters on the 
technical system is redetermined by accessing the 
30 temporarily stored result. 

5 . The method as claimed in one of the preceding 
claims , 

in which the influence of each of a large number 
35 of sets of parameters on the technical system is 

determined by checking the external source, and 
the result of this check is temporarily stored. 
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6. The method as claimed in claim 5, 

in which an additional influence is determined on 
the basis of the temporarily stored results. 

5 7. The method as claimed in claim 6, 

in which the additional influence is determined by 
interpolation or extrapolation. 



8. 

10 



The method as claimed in claim 6, 

in which the additional influence is determined 
from the results using an neural network. 
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9. The method as claimed in one of the preceding 
claims , 

in which the external source is a simulator or an 
experiment . 

5 

10. The method as claimed in one of the preceding 
claims , 

in which the simulation is carried out using a 
large number of results, without the external 
10 source. 

11. The method as claimed in one of the preceding 
claims , 

in which the simulation of the technical system is 
15 used to determine the sensitivity of sets of 

parameters to changes in the setting constants. 

12 . An arrangement for simulation of a technical 
system, 

20 in which a processor unit is provided, which is 

set up such that: 

(a) a required function depends on parameters and 
predetermined setting constants ; 

(b) a result in the form of an influence of the 
2 5 parameters on the technical system can be 

determined as a function of a predetermined 
set of parameters and on the basis of a 
request to an external source, - 

(c) the result can be temporarily stored; and 

30 (d) the technical system can be simulated on the 

basis of the result and of the setting 
constants . 



13 . A computer program product for simulation of a 
35 technical system, which, when run on a processor 

unit, comprises the following steps: 

(a) a required function depends on parameters and 
predetermined setting constants ; 
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(b) a result in the form of an influence of the 
parameters on the technical system is 
determined as a function of a predetermined 
set of parameters and on the basis of a 

5 request to an external source; 

(c) the result is temporarily stored; and 

(d) the technical system is simulated on the basis 
of the result and of the setting constants. 
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Abstract 



Method, arrangement and computer program product for 
simulation of a technical system 

5 

A method is specified for simulation of a technical 
system, in which a required function depends on 
parameters and predetermined setting constants. A 
result in the form of an influence of the parameters on 

10 the technical system is determined as a function of a 
predetermined set of parameters and on the basis of a 
request to an external source. The result is 
temporarily stored. The technical system is simulated 
on the basis of the result and of the setting 

15 constants. 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit As a below named inventor, I hereby declare that, 

an Eides Statt: 

dass mein Wohnsitz, meine Postanschrift, und meine My residence, post office address and citizenship are 

Staatsangehorigkeit den im Nachstehenden nach as stated below next to my name, 

meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Verfahren, Anordnung und 

Computerprogramm-Erzeugnis zur 

Simulation eines technischen Systems 



deren Beschreibung 

(zutreffendes ankreuzen) 

□ hier beigefugt ist. 

13 am 11.09.2000 als 

PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCT/DE00/03143 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesshch der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Method, arrangement and a product of a 
computer program for simulating a 
technical system 

the specification of which 

(check one) 

□ is attached hereto. 

E<3 was filed on 11.09.2000 as 

PCT international application 

PCT Application No. PCT/DE00/03143 

and was amended on - 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 

an. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1 -56(a). 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent Oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Pnoritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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German Language Declaration 


Prior foreign appplications 
Prioritat beansprucht 




Prioritv Claimed 


19945015.3 DE 
(Number) (Country) 
(Nummer) (Land) 


20.09.1999 El □ 
(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) " (Country) 
(Nummer) (Land) 


□ n 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) "(Country) 
(Nummer) (Land) 


□ □ 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amenkanischen Patentanmeidung laut dem ersten 
Paragraphen des Absatzes 35 der Zivilprozeftordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


PCT/DE00/03143 


11.09.2000 


anhanqiq pendinq 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgegeben) abandoned) 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D.M.Y) 
(Anmeldedatum T, M; J) 


(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeidung oder eines 
darauf erteilten Patentes gefahrden konnen. 


I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



Customer No. 30596 



And I hereby appoint 



Telefongesprache bitte richten an: 
(Name und Tefefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 

Ext. 



Postanschrift: Send Correspondence to: 

(_ Harness. Dickey & Piercel P.L.C. 
\ 12355 Sunrise Valley Drive, Suite 350 20191 Reston, Va. } 
Telephone: +1 703 390 3030 and Facsimile +1 703 390 3020 

or 

Customer No. 30596 



Voller Name des cinzigen oder ursprunglichen Erfinders: 

Claus Hillermeier 



i 



Urtterschrift des } Erfinders Datum 

(ffy^u^V 2(902-02, -OH 



Wohnsitz 



DEUTSCHLAND 




Wesie rbud, ber|_? 




libelee 



Voller Name des zweiten Miterflnders (falls zutreffend): 

WOLFGANG MAERKER 



Unterschrift des EsfWders . 



Datum 



Wohnsitz 

EGGOLSHEIM, DEUTSCHLAND 



Staatsangehorigkeit 

DE 



Postanschrift 

SCHOENBORNSTR. 34 



91330 EGGOLSHEIM 



(Bitte entsprechende Informationen und Unterschriften im 
Falle von dritten und weiteren Miterfindern angeben). 



Full name of sole or first inventor: 

Claus Hillermeier 



Inventor's signature . - Date 



Residence 



GERMANY 



Post Office Addess 



?32JG liberie. 



Full name of second joint inventor, if any 

WOLFGANG MAERKER 



Second Inventor's signature 



Date 



Residence 

EGGOLSHEIM, GERMANY 



<=-J-Gitfzenshfp- 

DE 



Post Office Address 

SCHOENBORNSTR. 34 



91330 EGGOLSHEIM 



(Supply similar information and signature for third and 
subsequent joint inventors). 
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L 



Voller Name des dritten Miterf inders: 

Dr. 1 HUMAo o 1 UKM 


Full name of third joint inventor: 
PVf* TI_I/"MVVI A C CTI IDKfl 

Ur. 1 nvJMAo o 1 y/\N\ 


=ynterschi^^^erfmtiera Datum 

s<&SC^ 27 & POOP 


lnventoj>-sra/jature j£f Date 1 


Wohnsitz 

MUENCHEN, DEUTSCHLAND 


Residence 

MUENCHEN, GERMANY 


Staatsa n g e h 6 rigkeit 

DE 


Citizenship - =s * 


Postanschrift 

DAGLFINGER STRASSE 98 


Post Office Address 

DAGLFINGER STRASSE 98 


81929 MUENCHEN 


81929 MUENCHEN 


Voller Name des vierten Miterfinders: 


Full name of fourth joint inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 


Residence 
» 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des fiinften Miterfinders: 


Full name of fifth joint inventor- 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 


Residence 


Staatsan g eh orig keit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des sechsten Miterfinders: 


Full name of sixth joint inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 


Residence 
i 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 







(Bitte entsprechende Informationen und Unterschhften im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 
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